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The HERM I speriment rmphasizs ta of emi-moheive derpeinslmtic eattrng. Mot of the
hadmne prodnced e betwern 3 and 16 (3%, a2 rgim m whith i1 had oot prevonaly berm fremible to eperste
pone, kanne and pmione with sandard padnle identification [PID) techoiqnes. The mrent develbpment of new
clar, Intge, homogrmeone and hydrophobic sllis aemge] matedal with o low ndex of miactiom offfoed the means
o0 spply RICQH PID technignes to thie diffirnt momentnm rrgion. The HERMEE indrmment nars two mdistoms,
ChFip, & hewwoy i nororerbon gas, and a wall of khca armge] tlem A lightweight apherial mitror ponstneted. naing
anewly perfercted technigne o make rresin-mated rarbon-fikber sndaces nf optial gnabity pmvides opt =l foemem g
m aphotm detertor comsiating of 19 photomntipller inbes [FAT) for ech detertor half The PMT somyr =
held I asoff sire] mattix to provide shieldng agamst the residnal field of the mam sperimometer magnet Rog
rromstrci oo is acromphshed with patiem rrogniton techoiqnes boarsd oo a rombinson of Dyveme and direct

my tradng.

L Introdoctioon

The HEHMES exprrinwent(l] 1z 8 stsdy of the
gpln strictire of the miclesn which mophasiers
imamblgnme nwamurement of plon, kann and
proton arml-1ncluslee cpln asymnwrtrles In deep-
Inelastle zeattering (DIF). Theer asymmeiries
provlde Informatlon on the favor deprodence
of polarlerd structire fimctlone aml the zra po-
larkatlon Howewer, nwkt of the hadrons pro-
tuced In HEEBMES [2] e hetween 2 anid 10 GEY,
a reglom In which It kaz mot bhern frasible to
eFparate plons Laome, aml protoms wlth ctan-
dard particle ldentificatha (PID) technkjwes
Hing Imaging Cerenkow (RECH) and threchold
Cerenkow systrmac wElng heavy gasee [3], such
az CuFip, at atmospherlc pressure ame ueefil
only for energlee abowe 10 GeY slnoe the kaon
threshnld  for Croemkov  radlatlom 1= tepl-
cally higher than § GeY. Becaee of aub-
gtantlal manltiple escattedng aml  hrenss-
stmhlhimg, the wer of 8 hlgh preeaire gaz epstem k&
ot technlcally feagible In EEEMES. Clear lijudd
raflators amw only usefil i hadron lden i catlon
below roaghly 2 GeY becanse of thelr wery v
Cerenkov light threeholds and large chromeatlc
reprralon.

The recent development[4,5] of mew dear sllca
arrope]l with a low ndex of refractlon amd mcel-
lent optieal propertles has nvade 1t poesthle for
the frst tinwe to gpan thlzs dfficult meegy e
gon The HEEMEJ] BEH detector comblmes
the enocezefinl wse, of clear arrogel with 8 heawy
gaz, Oy Fin In a dlngle detector. Fuch & confign-
ratlon waz frat propoesd Inr the planned LHOH
exprrimnt [§]. Thls dualradlator HECH detec-
tor prowldes clran eerparation of plone, kasne and
protnms ower moet 0f the HMnenatie acorptanee of
the HEHMES exprrinwnt.

A Detector dealgn

Abowt. 9% of all hadrone detected In the HEH-
MES experinwent are fnmd In the range of 20t
150 GeY. Thls deflmee the nxinarmting ramge OweT
which clear partlcle Mentfcatlon should be pro-
whied The kew fod of thls range determdnes the
Index of miractlon neceszary for the armogel A
walue of n(3=§3 nm)=1 08 waz choeen dnee L
lradz to A kann theeshold of 2 (Y. The Crrenkow
anglez prowlicsd by the comblmatlon of thls armo-
grl and the heawy gas (CuFin) for plone, kaone
aml protone are phited In Sgure 1 8z & fime-
tlon of partlcle nwnwentum The cormrsponding



threshokl nwnarnta are llsted 1o table 10 All pha
monwnta wihin the qpectronwster accFptance Are
abowe the plon threshold asvmaentun for armmgel
of 0§ GeY, W% of the kann and TES of the
proton monwnta are ahowe the laon threshald of
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Flore 1. The Cerenliw angle @ weras hadma
monwntima fnr the areegel and O F) 5 gas radla-
tore

AtMllez of the properiles of arrmgel were Ccar-
rled ot wih & CEHRN test heam, aml the optical
propertles of & eample of M) tlles were studled
In detall [T-10]. The optlmnm thicknee for the
arrogrl radlator was detrralned to he aboart 5
cnn The clngle photo-electron reenluthn reqpidred
waz fmed by the requlnrmoent that, at 15 GeY,
mizklentificatlon be lees than 1% for ejusl imes
of plome amd kaone For projectad armogel ylelds
of & e 12, this reealitlon k about T mr Comse-
quently, 3,1 1nch photannltdplier tubes were cho-
&fn fnr the the photan detector, glvlme a plwel slze
of X3 mam Monte Carlo elnmlatlone gawe engle

ar ronel CuFin
n 108m 10137
e A 403 19,10
r G GEY LT GeY
E 100Gy 91GeY
F A8 GeY 1TOGeY

Tahle 1

Cerenkow lght thresholds for plone, lmone amd
protome. The lmlem of refracthn o & gleen at
633 nmy, [, = 11 1z the threshold welnclty aml

m=1/y1— 5

phatan reanlutlon Inr thls geonaetry of [0 mz

The geomretry which was adopted for the
Cerenlne radiators and ring Imaging spetens: 1z
chown 1n Bgure 2 Shown 1z ome half of the the
BE'H cystema which oonslztz of Wdentleal unltz
placed abawe and below the nardlan plane of the
HEBMEH cpectrometer The bewly of the conmter
& congtrcted of alimalmma, with entrance amd
Pt windows made of 1 mns thick alumlsnm The
wolunw aof rach half 1z approsdaaately AW L The
glznof the patrance window 1z 1877 o by 464 cm
and the el winddese 2570 coa by H000 oo

The arrogel radlatar 1z an azrmbly of tlle oon-
Agred to {1l the entrance of the detector wlth
an arrogel thlckaes of b5 o The armgel tlles
are gtacked 1n L lapere, with 5 horlenntal rowe,
and 1T wertlcal colimne 8z reiulred to span the
EpRctronaeter Acceptance  Black plastle spacers
of appropriate thlcknessrs hetwem the alnnadnnim
framar aml the tllez prevent them fmm chilfting
whille the radlator 1z neowed The imaccupled wiol-
nuns of the detector behind the armgrel 1z Slled
with the gas radlatar, Oy F, A epherical mirmar
array wcatad at the rear of the radlatar hox 1na-
agee the Ceren low Nght cones onto & facal mrface
lcated ahowe (below) the active wolime

The radlie of curvatiure of the mlrror arrar 1=
2H) o Tt was chosrn to glve & Ewal enrface loca-
tlom In the acorecible reglon ahowe (hekw) the for-
wand reglon of the radlator homes amd to provide 2
detector plane of tractable dinwnslone The optl-
cal amlz of the array, the perpeaddlonlar to the mir-
or gurface at the center of the array, 1z Incllned
at an angle of 24 degrers to the arleon Both the
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Flgure 2 A outaway echrmatic view of the (top)
BICH connter.

mirrors and the nonmting franw were fabrlcated
by Composite Mirmr Applications (Theson, Arl-
enna, A4 ). The backing of the ergments 1z fah-
rlcated from a graphite Ater compoate [11] and
the total thickness of the array 1 Jees than 1% of
a radlatlon lemgth.

The photon detector 1z Iecated outsdde of the
mirror optical anls with ltz amds Inclined at an
angle of A degrers to the odeon &0 as to n-
teroppt the mirror surface at 8 dktance of ()
. It conslste of & closr packed matrin of 18604
Fhillip:z XF1911 " green enhanced photoanmltl-
pllrre Thilz confeuratlon waz Aret meed by the
aprrmomt ET81-ELEX at FHAL [12. The
Flrarmtary cfll of the array e a hemagon with
the photomultipller at the center and a lght-
gathering which 1z meed to Ineresse the photon
Irht collectlon rfickrney by reduchhg the dead
gpace beteren the photocathodez A enft steel
nuatrin plate and wrapplngs of (M) am -nwetal
provlde magnrtle ghlelding.

The readont of the photnn detector 1z per-
fnrnwed by the commyerelal LeCrogy POOE acqd-
ton systeny upgmded fnr the HEEMES appll-
catlnn Fach deteetor half & read ot by & ept of
& gymanwtrle hackplane gectlnme pach honsing 15
or 1§ POOEA canle Fach card In turn prowesses
glgnalz froma 16 PMTe Only dighal Infrnation -
Lapche hibtpe/ home carhBok net feubecmens!
comimat B Bomoen, cmsdl: heomefi cesthB ok oot

whin the milar pxcerde the theeshold of (L1 pho-
torlectrom: - 1z rroopded  The cyctema k& char-
acteriead by high Input eendtivity (the threch-
okl 1z 300 rlectrong) and high amplfleation
(—13 pn¥ per dectron). The POOF aystam gem-
fratez & data strram on an ewent-bhy-event ba-
gk The HICH data eonglzta of 8 HECH hlt table
fnr pach detector kalf, where 8 PMT “hit' slm-
ply refere to 2 FMT that fred dirlng the event
e wiwlow. A BICH nmpplag Ale 1z nsed ta
Ink the data channe]l nimabers compitad 1o the
decllng procezs to the FMT lecatia 1n the de-
tectnr neatrln This Infnraation can thim be 1sed
i germate the epatlal Mt cowedinatss awl the bl
patiern In the fcal plane

L Rhg/Angle recomwtroction

Hnce the eemsltlve face of the Bat phaton de-
tectar does mot confarm to the tre mlmor feal
girface, the dretectad “rlmgs’ are mot clecles, bk
In geowrral asymmetrlcally distorted elllpere Flg-
e 3 chows the offilne BICH reent display for a
threp-track ewent that llhictrates eFveral typleal
featires of HEHMES HICH ewntz The et
shown haz a 116 GeY dectron® amd 2 1.5 GeY
plon 1n the Lkwwer half amd 2 5.5 GeY Lkaon In
the wpper half of the detectar. The ealld hlack
pints mark the FMT hitz whie the nearkers
In the ring crnters Imwllcate the virtusl track hh
pints, Le the polntz where the partlele tracks
would Interepct the phaoton detector If they were
haged by the mirror. The enlld lnes are epline
iz tov & frw slodated photon hlte They 1ndl-
cate where, basrd on the track paranwters andd
the particle type, Mis conld he mpected for this
Ferat. The electron track 1z paslly ldentlfiable az
the only one with & gaz ring: 8 comparkenn to Ag-
re 1 shows that only for the electron 8 gaz ring
E mpected. The monwntim of the plon 1z helow
the plon gas threshold and thie 1t only exhIhliz an
arropr] ring. Howewrer, the particle clearly nomst
be a plon, hecange the partlcle monwatime s be-
bw the arrope] threshold fnr kaone The kaon In
the top detector haz 8 well defloed arrogel ring,

Bz con mod poabizoon mze Henidflcd by o comblosdbon
of mbbdmeter, peeshomer snd THD with sn svemge ofi-
ey of 55% mod w bedron coniemioetdon bedow 1% 1]



Flre 3 HEEMFEH BICH ewent dleplay fnr an
ewent with & 14§ GeY electron [right) and a 1.5
GeY x~ [left] In the lower halfand & 5.5 GeY K-
In the upper kalf Hee text for detalled deserlp-
tlnm.

bt m» gas rimg - 8z 1z expected for a kaon at Sob
GeY.

The analycke of the hit patterne 1z Intrincically
complen clnce the non-Mnearitls of the oag-
Ing syetrma dlstort the slmple rlng structume of
the rmltted lght The Infliwnce of the oag-
Ing systrna can be reoocwed by fruerae my boe-
frg (IHT) [6,13]. In thlz nwthod the (lerenkov
angle correspondllng to fach PMT hit l& recon-
gtructed om the track parameters and the peosl-
tlon of the PMT. For pach track ¥ k& azsimaed that
the hit conld he comlng from the arrogel or the
gaz, andd the pmlsslon vertex 1z eetimated accord-
Ingly For each radlator hy pothesls, the pmlzelon
angle 1z then reconctricted Dhie to the wery -
ferent. Index of refracthn 1t 1z rarely & problem
to dstingulsh which radlator hypothesls 1 cor-
rect. For each track the distributha of angles
fnr hltz In an amgular sone correspomwling to rach
partlele hypothele(> K aml 1] k& reconstriscted
From theee diztribitlone the Alellhexnds are them
calenlated for each poslbllty The Nkellheowls

fnr the twn midlatore, apmogel andl gaz, are con-
blmed In an oeerall Nloelthoad by amiltipllcation.
The partlcle g azelgned the type with the high-
pct Nlkellthewwl. For a detallad dlecussion of the
IHT nwithad az wrll a2 a gpoond reconstrictlnn
mrthad, dlrect rag tracng, the reader 1z referred
to the oontribitlon by Homnwe [14].

4. Perfonunauce and caBhration

The detectar perfrnsance nltlmately 1= nwea-
gnred by o wrell the warlous partkle typre are
ldentlflad. For a2 glwem partlcle Mentfcatlon algn-
rlthmy thiz perfnrnsance 1z determlned by the nma-
ber of detectad gae and arrogel photone, 8z well
az the dngle photon reenlutlon. Compllcatione
arlze fromy owerlapping Angs and hackgraimd his
The nimaber of arrprl photons detectad strongly
deprads on ow nach the track k% affectad by ac-
crptanoe eilpcts oo the Anlte clee of the mlrmre
array aml the tle gtructire of the aprogel radla-
tar. For ldeal tracke that do wot ouffer fione ac-
ceptanoe or owrrlap effectz, the asymptotic Flelds
fnr partlclre with |7 e 1 are 10 arrogel hltz and 12
gaz hltz Becangre on the avrrage the anmber of
hltz prr photatube fnr the gasz rimge approaches
2 the gaz Witz are nnch freer than the mimaber
of photarlectrnme

In adltha ta the tracklss ringe, theee
arf areeral enree of backgroumd photomns
that do mt neceeearlly result In rimg strc-
turre These Imclhivle Haylelgh secattrred pho-
tomg, Cerenkov photome prewhiced In the In-
cltr wlndow, proton heamn correlated  hack-
gl ghowers that bt the PMT noa trlx directly
and aintlllatlon In the gaz The plectronlc amd
PMT mler In the detector 1 8 #ery enaall pilect,
anmmtlng to only about 1| Ared PMT every 5
P¥AOLE

Flore A chowrs the reconstructad average asmo-
Erl angle for plone The data were Ot with & the-
oretical curwe wlth the arngel 1nlex of refractlon
az the only fee paranwter. The resnlthg curee
and Index nf refractlon (n—1.0301) are In fxcel-
lent agreenwent with the theorrtleal expectathn
and the optleally nwasured Index of refraction
The exprrineental walwe of the total amgular res-
olutha for elngle photone was determdned from
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Flgure 14 Heconstructed average apmogrl angle
wirgng partlcle nomentun fnr plome The =nlld
Ine reprearmtz & Ht wlth n=1 (G301

high pnprgy lepton tracks to be T8 mr fnr arrogrel
amd T_5 mar for O F, 5, comparad to a deslgn goal
of T mr.

k & mot poeslble to mer amither detector to
create clean hadron gamples to gtudy the detec-
tor prriornance. Howewer, 1t 1z poslble to nee
decaying partirles fnr the eanwe purpnes. Hamiples
of o, ¢ and K, mpenne a8z wrll az A hyperone were
1erd to determlne the IdentiBeatlon aflclrmcles

for plong lkanme and protone The quantlty, PE
v the probabilty for ldentifylng particle type
L az type ¢ provides the bee nwamme of detec-
tor prriornance. For kanne 1n the range of 14
GeY, PE e Q) — 95%, for laons from ¢ decay. In
thiz eanw nenmarmtunn ramge. fnr lenlated tracke
Br =905

A Smowary

The HEHMES dual radlator BE7H haz heen 1n
operatlon Inr 3 yeare It prowldes rellable kadron
partlcle ldentlficatlon ower the aomemtnn range
2-15 Ge¥,/c Th date, based om monltoring of
detector Flelde amwd Cerenlow angles 8z & fimctlon

-1

of particle monwnatimy, there 1z w0 eeldenoe for
nwasurahle degradation In perfornsance
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